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Abstract 

Age-related differences on theory of mind (ToM) tasks are well established. However, the 

literature has been criticised for predominantly relying on tasks with poor ecological validity, 

and consequently it remains unclear whether these age differences extend to tasks with 

greater realism. In addition, we currently have a limited understanding of the factors that may 

contribute to age-related declines in ToM.  To address these issues, we conducted two studies 

that assessed age differences in ToM using multimodal social scene stimuli. Study 1 also 

examined eye-movements to assess whether biases in visual attention may be related to age-

related difficulties in ToM, and Study 2 included an assessment of social attention (as 

indexed by biological motion perception) and working memory to assess whether these 

capacities may explain age difficulties in ToM. In both studies, the results showed that older 

adults performed worse than their younger counterparts on the ToM tasks, indicating that 

age-related difficulties in ToM extend to measures that more closely represent everyday 

social interactions. The eye-tracking data in Study 1 showed that older adults gazed less at 

the faces of protagonists in the social scenes compared to younger adults, however these 

visual biases were not associated with ToM ability. Study 2 showed that older age was 

associated with a reduced ability to detect biological motion cues, and this mediated age-

related variance in ToM ability. These findings are discussed in relation to competing 

theoretical frameworks of ageing that predict either improvements or declines in ToM with 

age.    

 

Keywords: ToM, Ecological Validity, Eye-tracking, Biological Motion Perception, Working 

Memory 
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Social cognition refers to the ability to decode, understand, and react to the social cues sent 

out by other people, and is a critical predictor of social competency, well-being and mental 

health at all stages of the human lifespan (Grühn, Rebucal, Diehl, Lumley, & Labouvie-Vief, 

2008; Henry, von Hippel, Molenberghs, Lee & Sachdev, 2016; Phillips, Scott, Henry, Mowat 

& Bell, 2010). It is therefore of concern that research involving older adults has consistently 

found evidence for age-related decline in core social cognitive skills. One component of 

social cognition that consistently shows age-related decline is theory of mind (ToM), which 

refers to the ability to attribute intentions and more complex emotional and mental states to 

others (for a meta-analysis see Henry, Phillips, Ruffman, & Bailey, 2013; Moran, 2013).  

However, a limitation of the ToM literature is that, with few exceptions, the measures 

that have been used to identify age effects have had only limited ecological validity.  For 

instance, most ToM measures require participants to infer mental states from brief stories or 

images of isolated eye regions (Henry et al., 2013).  While these paradigms are useful 

because of their high level of experimental control, they are limited by the fact that they are 

not an accurate representation of how social interactions are experienced in real life (i.e., they 

only present social cues via a single modality). Therefore, it is possible that the use of these 

paradigms may overstate the difficulties that older adults may experience in their everyday 

lives. Not surprisingly, ecological validity has been identified as a critical consideration in the 

social cognition literature to date and researchers have emphasised the need for more 

ecologically valid research designs (Isaacowitz & Stanley, 2011; Kunzmann & Isaacowitz, 

2017).   

According to Brunswik (1955), ecological validity refers to the degree to which the 

characteristics of an experimental design represent the phenomenon of interest as it occurs in 

the real world, and it can be evaluated in relation to several aspects of the research process 

(e.g., the research setting, the technique used to elicit a behavior, the stimuli). Because 
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peoples’ social worlds differ based on factors such as culture, social circles, and hobbies, 

designing tasks that are completely representative for participant samples that include 

extreme groups (i.e., older and younger) is a particular challenge.  Thus, the goal is to attempt 

to incorporate tasks that provide a reasonably close representation of social interactions that 

both younger and older adults may experience in their day-to-day social lives.   

One well-validated measure that assesses ToM ability using naturalistic social scene 

stimuli designed to resemble day-to-day social interactions is The Awareness of Social 

Inference Test (TASIT, McDonald, Flanagan & Rollins, 2011). The TASIT stimuli include 

dynamic everyday social interactions between multiple protagonists, making it a more 

realistic and thus more ecologically valid assessment of ToM than traditional measures 

(Achim, Guitton, Jackson, Boutin, & Monetta, 2013). Participants are required to identify the 

mental state of a key protagonist, assessing their intention when they made a particular 

statement. Although this measure was originally designed to measure social perceptual 

deficits in clinical groups, two previous studies have administered this measure to older adult 

populations and found that it is sensitive to age-related decline (Burdon, Dipper & Cocks, 

2016; Phillips et al., 2015). However, these two studies used UK samples, and the 

protagonists in the TASIT stimuli are Australian. Burdon et al. highlight that it is important to 

establish whether age effects on this task also occur in an Australian sample. Indeed, 

understanding social interactions portrayed by people with an unfamiliar accent may impose 

demands that potentially reduce older adults’ ability to do well on the task.  Therefore, in 

these studies we look at age differences in the TASIT in both Australian (Study 1) and UK 

(Study 2) samples to see whether the age pattern replicates.  

Lifespan motivational models, such as the selective engagement hypothesis (Hess, 

2006) suggest that older adults become more selective in how they invest their resources. 

Thus, selection represents an adaptive motivational process in response to age-related 
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changes, including capabilities and developmental goals (for reviews, see: Carstensen, 

Mikels, & Mather, 2006; Hess, 2006). Consistent with this perspective, evidence suggests 

that, relative to their younger counterparts, older adults are more likely to exert cognitive 

effort in situations of high relevance and meaningfulness (e.g., Germain & Hess, 2007; Hess, 

Germain, Rosenberg, Leclerc, & Hodges, 2005; Hess, Germain, Swaim, & Osowski, 2009; 

Hess, Rosenberg, & Waters, 2001). Therefore, it might be expected that compared to the 

stimuli used in traditional ToM tasks, older adults may be more motivated to engage with 

stimuli that they can relate more to (i.e., stimuli that resemble everyday social interactions), 

and as such may perform better with the provision of these stimuli.  

However, there may be competing negative influences on older adults’ ability to 

process more ecologically valid social cues.  Many cognitive ageing models (Craik & Byrd, 

1982; Glisky, 2007; Salthouse, 1995; Ruffman et al., 2008) highlight the neural and cognitive 

changes that inevitably occur with normal adult ageing. Although older adults might be more 

motivated to engage with stimuli that are more representative of real life, they might also 

experience greater difficulties processing these stimuli because of the increased perceptual 

complexity in realistic stimuli. That is, the increased socio-emotional and background cues 

afforded by dynamic social stimuli may be more demanding on older adults’ limited neural 

and cognitive resources, and this may in fact disrupt their performance on tasks with higher 

ecological validity.  

In the current studies, we will examine three possible ways in which cognitive and 

attentional processes might influence age differences in processing naturalistic social 

cognitive cues. The first is whether older adults’ tendency to bias attention away from the 

most socially salient information in a scene (i.e., faces) could be important (Study 1): this 

issue is outlined in detail below. The second is to explore possible links between general 

working memory capacity and age effects on processing naturalistic social cues (Study 2). 
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The third possibility is that the ability to attend to and rapidly process basic social cues is 

likely to be important in age differences in attributing mental states. The most common 

method of assessing attentional capacity to process basic social cues is through biological 

motion tasks, which often use point-light displays of body parts, and ask for decisions about 

human agency. Older adults are less able to rapidly process biological motion cues (e.g. 

Billino, Bremmer & Gegenfurtner, 2008), and these age differences in biological motion 

processing may be important in understanding age effects in broader social cognition (for 

more detail, see Study 2).  

As mentioned earlier, one particular aspect of older adults’ changing cognition that 

may be important for social understanding, is the tendency to focus visual attention on 

particular aspects of a complex array. Visual biases to social cues may be a potentially 

important consideration when interpreting age effects in social cognitive function. Research 

in the emotion perception literature has consistently shown that older compared to younger 

adults show a bias in the way they visually attend to emotional faces.  Specifically, older 

adults attend less to the eye region of an emotional face compared to younger adults (He, 

Ebner, & Johnson, 2011; Murphy & Isaacowitz, 2010; Sullivan, Ruffman, & Hutton, 2007; 

Wong, Cronin-Golomb, & Neargarder, 2005), and this bias away from the most emotionally 

rich area of the face has been argued to be a contributing factor to older adults’ difficulties in 

decoding emotional expressions (Wong et al., 2005).  However, the relationship between 

visual attention biases and emotion perception accuracy remains unclear.  While two studies 

have shown that older adults’ reduced attention to eyes is related to their ability to decode an 

emotion (Wong et al., 2005; Sullivan, Campbell, Hutton & Ruffman, 2015), four others have 

failed to find any such relationship (e.g., Circelli, Clark & Cronin-Golomb, 2013; Grainger, 

Henry, Phillips, Vanman & Allen, 2017; Sullivan et al., 2007).  Moreover, because nearly all 

of the studies in this literature have used static photos of emotion, they have limited 
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ecological validity, and therefore the visual biases may not be representative of how older 

adults actually attend to social information in everyday real life.   

Another limitation of this literature is the exclusive focus on emotion perception, and 

not other social cognitive processes such as ToM decisions. To date, only one ageing study 

has provided an assessment of eye gaze patterns to dynamic social interactions (Vicaria, 

Bernieri & Isaacowitz, 2015).  In this study, participants watched videos depicting two 

people discussing a controversial topic, and then had to judge the rapport between the two 

protagonists while their eye movements were being monitored. The results indicated that 

older and younger adults differed in the way they attended to the interactions, such that older 

adults focused less on the faces of the protagonists relative to younger adults.  This finding 

suggests that older adults’ attentional bias when looking at photographs of faces, which is 

well established in the emotion recognition literature, may extend to dynamic social 

interactions. Interestingly, Vicaria et al. found that gazing to the faces of the protagonists was 

associated with greater ability to judge rapport in young adults but poorer ability to judge 

rapport in older adults, suggesting that young and older adults may benefit from different 

visual approaches when viewing more complex social information.    

However, while Vicaria et al. (2015) provides an important first step in understanding 

how older adults attend to dynamic social interactions, only one specific type of social 

interaction was assessed, and all background information was kept constant across 

interactions. As a consequence, the background contextual information was not useful in 

facilitating social judgments. Given that social interactions often depend heavily on the 

context in which they are embedded, it is important to understand if age-related biases in 

visual attention occur during ToM processing with the provision of realistic context rich 

scenarios. Indeed, use of such scenarios appears to be particularly critical in any assessment 

of potential age differences because, relative to their younger counterparts, older adults have 
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been shown to place a greater reliance on contextual cues than internal representation to 

support their information processing (Lindenberger & Mayr, 2014; Smith, Park, Earles, 

Shaw, & Whiting, 1998; Spieler, Mayr, & Lagrone, 2006). In many cognitive domains – such 

as memory, perception and action management – age-related deficits have been found to 

decrease or disappear when task-relevant contextual cues are provided (Lindenberger & 

Mayr, 2014; Smith et al., 1998). Moreover, irrelevant context (e.g., distracting cues that are 

unrelated to the goal of a task) have been found to disproportionately disrupt older adults’ 

performance, presumably because of older adults’ greater prioritisation of contextual 

information (Gutchess et al., 2007; Lindenberger & Mayr, 2014).     

 Indeed, two studies in the emotion perception literature have shown that contextual 

objects and scenes surrounding a target emotional face can influence older adults’ emotion 

perception abilities (Ngo & Isaacowitz, 2015; Noh & Isaacowitz, 2013). In both of these 

studies, participants were asked to identify emotional facial expressions presented with a 

congruent background (i.e., same emotional context and target emotion) or an incongruent 

background (i.e., different emotional context and target emotion). The results showed that for 

the incongruent trials, older adults made more errors than younger adults, whereas for the 

majority of congruent trials, age differences in accuracy were eliminated. Ngo and Isaacowitz 

(2015) suggested that older adults might show a greater tendency to rely on spontaneous 

encoding of context, while younger adults are more likely to engage their top-down 

attentional control to ignore irrelevant context. Consistent with this possibility, Noh and 

Isaacowitz (2013) showed using eye tracking that older adults attended more to contextual 

cues (i.e., emotional laden objects and body posture context) relative to younger adults. 

However, while these studies have demonstrated how contextual cues influence emotion 

processing, it remains unclear whether higher order social cognitive processes such as ToM 

can also benefit from increased contextual information.  In addition, another limitation of 
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both of these studies was the use of exclusively static stimuli. Therefore, an important next 

step in this literature will be understanding how the presentation of additional contextual 

information during more naturalistic stimuli influences higher order social cognitive 

processes such as ToM.          

 As previously mentioned, the TASIT is a well-validated social cognition measure that 

provides an assessment of ToM ability using more naturalistic social scene stimuli that are 

representative of everyday social encounters.  Another strength of this measure is that it 

includes two separate ToM tasks that include stimuli with either minimal or enriched 

contextual information, allowing the influence of contextual information on ToM processing 

to be directly compared.  It is important to note that the previous studies that examined 

ageing and TASIT performance either only assessed one component of the TASIT (Phillips et 

al., 2015) or did not make a direct comparison as to whether the age effects were influenced 

by context (Burdon et al., 2016). Therefore, further research is required to directly compare 

the influence of contextual cues on ToM processing. 

Study 1 

Study Aims 

Study 1 had two primary aims.  The first was to examine ToM capacity in older and 

younger adults using naturalistic stimuli (TASIT videos) that more closely represent every-

day social encounters. These assessments will allow for the replication of the previously 

reported age-related findings on the TASIT using an Australian sample (Burdon et al., 2016; 

Phillips et al., 2015), but most critically, these assessments will examine the role of 

contextual processing specifically. The second aim was to provide the first assessment of 

visual biases to complex mental state social scenes to establish whether older adults show 

biases in visual attention when presented with social stimuli that are more representative of 

everyday life. Most importantly, the assessment of eye-gaze patterns will allow us to 
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establish whether visual biases are related to older adults’ performance on the ToM 

assessments.     

With respect to specific predictions for ToM performance, based on prior findings 

(Burdon et al. 2016; Phillips et al., 2015), we predicted that older adults would perform more 

poorly than younger adults on both measures of ToM understanding (TASIT 2 and TASIT 3). 

However, of greatest interest was whether age differences would be equivalent across these 

two measures. This is because, whereas TASIT 2 incorporates only paralinguistic cues, 

TASIT 3 additionally incorporates contextual cues (for instance, a visual cue that indicates 

the true state of affairs, or a prologue that reveals the protagonist’s true thoughts). 

Consequently, if older adults do place greater reliance on contextual information to facilitate 

ToM understanding, any age differences on TASIT 3 should be smaller relative to TASIT 2. 

Conversely, if these additional contextual cues simply increase task complexity, age-related 

difficulties should be greater on TASIT 3.  

With respect to eye-gaze patterns, based on prior findings (Vicaria et al. 2015), we 

expected older adults to gaze less at the faces of protagonists relative to younger adults. 

However, the predictions regarding the relationship between eye-gaze patterns and ToM 

ability are less clear.  On the one hand, it could be expected that gazing to the more socially 

rich areas of the scenes (i.e., faces) will be associated with greater ToM performance in both 

young and older adults. However, on the other hand, it is possible that increased gazing to the 

faces may be not be beneficial for older adults. This is because the only other study to date 

that has examined older adults’ eye-gaze patterns in response to dynamic stimuli (Vicaria et 

al., 2015) found that increased gazing to the faces of protagonists was associated with poorer 

judgment accuracy in older adults. 
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Method 

Participants 

Fifty older adults (Mage = 75.38, SD = 6.23, age range: 65-94 years, 33 female) and 48 

younger adults (Mage = 20.67, SD = 8.82, age range: 17-28 years, 33 female) participated in 

this study1. Older adults were recruited via local advertisements and from a research register 

at the University of Queensland, and were reimbursed $40 for their participation. Younger 

adults were recruited from the first-year psychology participant pool or via a paid participant 

pool at the University of Queensland, and received either course credits or $40, respectively. 

To be eligible, all participants had English as their first language, 20/30 or corrected vision, 

and no history of substance abuse or presence of a psychiatric or neurological disorder. All 

older adults were screened for abnormal cognitive decline using the Australian version of 

Addenbrooke’s Revised Cognitive Examination (ACE-R; Mioshi, Dawson, Mitchell, Arnold, 

& Hodges, 2006), and scored above the recommended cut-off of 83 out of a possible 100.  

As can be seen in Table 1, there were no differences between the two groups with 

respect to years of education, or self-rated health. Older adults reported lower negative affect 

as indexed by scores on the Hospital Anxiety and Depression Scale (Zigmond & Snaith, 

1983), and higher full-scale IQ as indexed by performance on the National Adult Reading 

Test (NART; Nelson, 1982). 

Measures 

 Dynamic ToM tasks. Parts 2 and 3 of the TASIT (Form A; McDonald et al., 2011) 

were used to assess ToM ability. These include audio-visual videotaped vignettes (15-60 

seconds each) that depict everyday social interactions enacted by unfamiliar Australian 

actors, and examine the ability to make inferences about others’ intentions, attitudes, and 

meanings. Importantly, these stimuli incorporate key paralinguistic cues (i.e., voice tone, 

                                                        
1 15 older (10 female) and 14 younger (8 female) adults in this sample were administered a placebo 
(saline) nasal spray prior to completing the ToM assessments as part of a separate larger study.  
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gestures, body posture) that are essential in order to differentiate between social inferences 

(i.e., when someone is being sincere vs sarcastic). The protagonists in these videos are young 

and middle-aged, males and females, who are involved in a certain type of social relationship 

(i.e., a couple, two friends, work colleagues).  

Part 2: Social Inference – Minimal, includes 15 vignettes that depict an interaction 

between two protagonists. Five vignettes include sincere remarks, in which the meaning of 

what the target speaker says is consistent with paralinguistic cues, e.g., ¨Michael: Sorry, I 

can’t take that class I said I’d take on Friday. Ruth: (sincerely) That’s OK, I know you’re 

busy. Don’t worry about it¨. Another five include simple sarcasm, in which the actors’ 

paralinguistic cues reveal the sarcasm that is meant to be understood non-literally, e.g., ¨You 

have been a great help!¨. The remaining five vignettes include paradoxical sarcasm, in which 

the interaction makes sense only if it was understood that one person was being sarcastic, 

e.g., ¨Gary: Are you sure you’ve got your passport? Keith: (sarcastically) Oh, yes, I tore it up 

and threw it away. Gary: Good, that’s okay then¨. Comprehension is assessed through four 

questions for each vignette, covering four facets of understanding about the protagonists, 

including thoughts (what s/he knows), feelings (what s/he feels), intentions (what s/he intends 

to do) and meaning (what s/he means by what is said). Response options include yes, no, and 

don’t know. A total score (out of 60) was created, and then converted into a percentage score.  

Part 3: Social Inference – Enriched, includes 16 vignettes, in which visual (i.e., 

background cue) and verbal (i.e., prologue or epilogue) contextual cues are provided about 

the characters’ true knowledge and beliefs, in addition to paralinguistic cues as in TASIT 2. 

The visual contextual cues are provided by a camera shot of a cue that reveals the true state 

of affairs (e.g., when a man is asking his wife if their son had finished his dinner, the camera 

is focused on the son’s dinner plate to show whether or not he had finished his dinner).  The 

verbal contextual cues are typically included as a prologue or epilogue that reveals how 
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someone is truly feeling (e.g., In the first scene, a woman is chatting to her friend about how 

she believes her husband has gained weight, and in the following scene she tells her husband 

that she doesn’t think he has gained weight). Thus, an important point is that for TASIT 3, 

the contextual cues reveal the true state of affairs, therefore attending to and understanding 

these cues is essential to understand the mental states of the protagonists in the scenes. Half 

of the vignettes incorporate scenes that involve literally untrue remarks (i.e., lies), e.g., ¨Of 

course you don’t look fat¨ (visual cue shows that he actually is looking fat). The remaining 

vignettes consist of sarcastic remarks (e.g., saying that he doesn’t look fat but using a 

sarcastic manner). Similar to Part 2, a total score (out of 64) was created, and then converted 

into a percentage score.  

Apparatus 

To create separate video files for each of the TASIT videos, iMovie (Version 10.0.9) 

video editing tool was used, and Wondershare video converter (Version 4.4.5) was used to 

convert these into mp4 files. The SensoMotoric Instruments (SMI Gmbh, 2015) Experiment 

CentreTM program (Version 3.5) was used to present each of the TASIT components, which 

were displayed on a DellTM 56cm (22") Widescreen Flat Panel Monitor, with a screen 

resolution of 1680x1050 pixels.  

To collect eye-gaze data, a SMI RED500 remote mobile eye tracker (positioned 

below the monitor) with iViewXTM (Version 2.8, 2011) software was interfaced and controlled 

via a Dell Latitude Laptop. This system is non-invasive, with little indication that eye 

movements are recorded, as it allows free head movement. It also works with most glasses 

and contact lenses, and tracks both eyes, to an accuracy of 0.5 degrees, sampled at 500 Hz. 

 Remote eye-trackers provide a naturalistic method of measuring visual attention 

because they do not require the participant to keep their head constrained to a chin rest. 

However, one limitation of this technique is that participants are able to freely to move their 
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head around and these movement artifacts can often result in the eye tracker being unable to 

capture eye movements during part of a trial.  While we instructed participants to keep their 

head as still as possible during trials, some movements were not possible to prevent (e.g., 

sneezing or coughing) and therefore resulted in a small number of trials having missing eye 

gaze data.  Participants with more than 30% missing eye gaze data for a particular trial were 

removed from the relevant analyses. In total, data from two younger adults and 13 older 

adults were eliminated from specific analyses for this reason or because of poor eye 

calibration, and this is comparable with previous eye-tracking studies (e.g., Isaacowitz, 

Wadlinger, Goren & Wilson, 2006; Murphy & Isaacowitz, 2010; Vicaria et al., 2015) 

Procedure 

The study received approval from The University of Queensland ethics committee. 

All participants were tested individually for approximately two hours, inclusive of a short 

break. Upon arrival, participants were given an information sheet, followed by a demographic 

questionnaire. The ACE-R was then administered to older adults. Next, all participants 

completed the NART.  

To complete the ToM assessments, participants were led into an adjacent room, and 

seated in a comfortable armchair, with their eyes positioned centrally and approximately 60 

cm from the monitor. Each participant then completed one of four counterbalanced orders of 

the tests that included assessments of emotion recognition ability that are not reported here. 

While viewing the stimuli, eye-movements were monitored using the remote eye tracker, and 

a nine-point calibration and validation of participants’ eyes were conducted to ensure that the 

positional eye data were consistent. Following eye validation for each of the tasks, written 

instructions appeared on the screen, followed by a practice session, which included 

familiarization with the computer display and keyboard, as well as guidance through one 

practice trial.  
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Each experimental trial began with a fixation cross presented in the middle of the 

screen, whereby participants had to press the keyboard spacebar for the video to begin 

playing.  After each video, the participant was asked four questions which appeared 

separately on the screen.  When the participant was ready to respond, they made their 

response verbally to the experimenter who then recorded their responses in an Excel 

spreadsheet. There were no time limits to make responses.  

Upon completion of the ToM assessments, participants were led back to the adjacent 

testing room to complete the Hospital Anxiety and Depression Scale (Zigmond & Snaith, 

1983), which was presented online using the QualtricsTM Software. Participants were then 

provided with reimbursement and debriefed.   

To analyze the eye-tracking data, regions of interest (ROIs) were set up for each 

stimuli set using the SMI Gmbh (2015) BegazeTM (Version 2.4) software. Following 

previously reported methods (Riby & Hancock, 2009; Vicaria et al., 2015), the face regions 

of the protagonists were marked with an oval shape while the body region was defined by the 

outline of the body excluding the face. After creating the ROIs, all videos were carefully 

checked to ensure that the ROIs adequately captured the face and body regions throughout 

the video. Percent fixation time was calculated within each ROI for each video scene, and 

used as the primary eye gaze measure. Percent fixation time reflects the percentage of 

fixations within an ROI relative to the total trial duration (Murphy & Isaacowitz, 2010). 

When a participants’ gaze is not captured in any of the predefined ROI’s, it means that their 

gaze is directed towards other areas of the computer screen that are not covered by the ROI’s 

(e.g., any of the background scene). In the present analyses, a fixation was defined as an eye 

movement directed within a 1° visual angle for at least 100ms (Manor & Gordon, 2003).  
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Analyses 

Mixed design analyses of variance (ANOVAs) were conducted for both the 

assessments of ToM ability and visual attention biases.  For all of these analyses, p values 

were adjusted using Greenhouse-Geisser correction for violations of the sphericity 

assumption. Given that the focus of this study was on social cognitive ageing, significant 

main effects or interactions that did not involve age were not followed up formally. Finally, 

Pearson correlations were calculated to assess any potential relationships between visual 

biases and ToM performance. Data from one older adult in TASIT 2 is missing due to an 

experimenter error during data collection process.   

Results and Discussion 

Dynamic ToM Tasks 

To assess the effect of additional contextual cues on mental state understanding, data 

were analyzed with a 2 x 2 mixed ANOVA with the between-subjects variable of age group 

(younger, older) and the within-subjects variable of context (Minimal: TASIT 2, Enriched: 

TASIT 3). There was a main effect of age group, F(1, 95) = 75.86, p < .001, ηp
2  = .45, 

denoting overall poorer performance for older (M = 79.56, SE = .83) relative to younger 

adults (M = 89.87, SE = .84). There was a main effect of context F(1, 95) = 27.44, p < .001, 

ηp
2 = .22, and an interaction emerged between age-group and context, F(1, 95) = 4.73, p = 

.032, ηp
2  = .05, which was followed up by examining the effect of context at both levels of 

age-group.  This revealed a main effect of context for younger, F(1, 47) = 4.85, p = .033, ηp
2  

= .09, and older adults, F(1, 48) = 26.67, p < .001, ηp
2  = .36.  However, it can be seen that the 

effect size is much greater for older relative to younger adults, indicating that context had a 

greater impact on older adults’ performance.  These findings suggest that additional 

contextual information did not provide any benefit and possibly increased the difficulty of the 

task for older adults. Older and younger adults’ scores are presented separately for each task 
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in Figure 1.           

 Importantly, the observed age-related difficulties in both measures of ToM indicates 

that older adults have difficulties decoding mental states even when the stimuli are more 

naturalistic and representative of everyday social encounters. These findings are consistent 

with the two prior ageing studies from the UK that found age-related decline on the TASIT 

(Burdon et al., 2016; Phillips et al., 2015), and indicate that older adults have difficulties in 

ToM processing even when the stimuli are more familiar and representative of their real life 

social interactions.   

Age-Related Visual Biases 

 To examine the eye-tracking data, we ran a 2 x 2 x 2 mixed ANOVA with the 

between-subjects variable of age-group (young, old) and the within-subjects variables of 

context (minimal context: TASIT 2, enriched context: TASIT 3), and ROI (faces, bodies). 

There were main effects of age-group, F(1, 81) = 8.88, p = .004, ηp
2 = .10, context, F(1, 81) = 

133.96, p < .001, ηp
2 = .62, and ROI, F(1, 81) = 314.47, p <.001, ηp

2 = .80, and two way 

interactions between age-group and ROI, F(1, 81) = 6.08, p = .016, ηp
2 = .07, and between 

context and ROI, F(1, 81) = 103.95, p < .001, ηp
2 = .56. The three-way interaction between 

age-group, context and ROI was not significant, F(1, 81) = 1.82, p = .181, ηp
2 = .02. 

The two-way interaction between age-group and ROI was followed up by testing the 

effect of age-group at each level of ROI.  This revealed that the effect of age-group was 

significant for the time spent gazing to faces, F(1, 81) = 7.84, p = .006, ηp
2 = .09, but not 

bodies, F(1, 81) = 2.21, p = .141, ηp
2 = .03.  As can be seen in Figure 2, older adults were 

gazing less at the faces of protagonists relative to younger adults, which indicates that older 

adults show biases in visual attention even when the stimuli are more naturalistic.   

 The two-way interaction between context and ROI was followed up by testing the 

simple effect of context at each level of ROI.  This indicated that the effect of context was 
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significant for gazing at faces, F(1, 82) = 136.64, p < .001, ηp
2 = .63, but not for gazing at 

bodies, F(1, 82) = 1.68, p = .199, ηp
2 = .02. As can be seen in Figure 3, participants were 

gazing less gazing at protagonists’ faces in the enriched contextual condition compared to the 

minimal contextual condition.   

Pearson correlation coefficients were calculated to assess whether visual biases, as 

indexed by percent fixation time towards the ROIs, correlated with ToM performance. As can 

be seen in Table 2, no significant associations emerged for either of the two age groups.  This 

absence of any relationship between looking at faces or bodies and ToM ability suggests that 

the locus of visual attention does not play a major role in older adults’ ability to decode 

mental states.   

Study 2 
 

Study 1 indicated that there are age differences in ToM capacity and the extent to 

which older adults attend to faces in naturalistic social scenes. However, the correlational 

data indicated that older and younger adults’ gaze patterns were not related to ToM 

performance, which indicates that spending less time attending to faces does not appear to 

play a major role in older adults’ difficulties on ToM tasks. Therefore, an important next step 

is to investigate other potential mechanisms that may underlie age-related difficulties in ToM 

capacity.  ToM tasks require a series of processes that include basic processing and 

integrating of social information from the scenes, as well as more complex cognitive 

processes such as working memory and decision-making skills to choose between 

semantically complex labels.  Therefore, one possible explanation for age differences in ToM 

capacity might involve difficulties in integrating and processing the most basic social cues 

about human agency and intentionality.       

 In order to accurately decode mental states, it is essential to detect and efficiently 

process basic cues about social agency (Frith & Frith, 2003), such as biological motion. 
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Indeed, previous studies have suggested that the ability to make inferences about other 

people’s mental states develops from the ability to make inferences about others’ actions 

(e.g., Blakemore & Decety, 2001; Castelli, Happé, Frith & Frith, 2000). Biological motion 

tasks are amongst the most widely used measures of basic social attention and typically 

require the processing of movement patterns from, for example, point-light displays of body 

parts which indicate that living agents are present (see Blake & Shiffrar, 2007 for a review). 

Indeed, even fleeting and partial information about biological motion can give strong clues to 

agency. Therefore, if older adults experience difficulties decoding basic social cues to 

agency, this could potentially impair more complex higher order social cognition skills such 

as ToM capacity.   

Evidence to date indicates that older adults have some difficulties in decoding 

biological motion cues (e.g. Billino, Bremmer & Gegenfurtner, 2008; Insch, Bull, Phillips, 

Allen & Slessor, 2012; Legault, Troje & Faubert, 2012; Ruffman, Sullivan & Dittrich, 2009). 

Perhaps more interestingly, Phillips et al. (2011) found that age differences in biological 

motion processing partially mediated age effects in ToM processing. However, one limitation 

of Phillips et al.’s study is that they only included tasks that assessed one specific aspect of 

ToM – the ability to engage in false belief reasoning. In addition, the tasks included minimal 

social information.  For instance, one task required the participant to read brief stories that 

described social situations and the other task required participants to watch soundless videos 

that depicted a person developing a false belief about the location of an object.  Critically, 

these tasks did not require participants to integrate multiple social cues (i.e., body language, 

voice tone, facial expressions) nor did they include more subtle interactions between two or 

more people. Therefore, it’s possible that efficiency of social attention (as indexed by 

biological motion perception accuracy) may contribute even more to older adults’ ToM 
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performance when the tasks are more socially complex and incorporate a greater number of 

social and emotional cues.   

Another key variable which might explain age differences in ToM tasks is working 

memory capacity. Phillips et al. (2011) found that in addition to biological motion 

processing, working memory capacity also partially mediated age differences in false belief 

reasoning. This indicates that at least for very complex cognitive tasks involving social 

decisions, working memory capacity might be important.  Indeed, consistent with the 

possibility that working memory may not have a universal role in ToM processing and 

instead may have a task-specific influence, another study showed that working memory did 

not explain age differences in a different aspect of ToM: detecting non-literal meaning in 

speech in relation to sarcasm (Phillips et al., 2015).    

 The goal of Study 2 was therefore to investigate whether age differences in ToM 

performance were mediated by variance in biological motion perception (as an index of 

social attention) and working memory capacity, using the same more naturalistic ToM 

assessments used in Study 1 (TASIT 2 & 3).  If the efficiency of processing social 

information is critical for ToM capacity, then we would expect that biological motion 

perception will mediate age effects in ToM performance.  However, if cognitive factors are 

more critical for ToM capacity, we would expect that working memory performance would 

mediate the age effects in ToM performance.  

Method 

Participants 

In total 113 participants aged 19-86 took part in this study. Thirty-eight younger 

adults (Mage = 25.84, SD = 6.06, age range: 19-38 years), 40 middle-aged adults (Mage = 

54.65, SD = 8.01, age range: 40-64 years), and 35 older adults (Mage = 74.09, SD = 4.62, age 

range: 65-86 years) participated in this study. Participants were recruited from local contacts 
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and groups in Aberdeen, UK, and through the University of Aberdeen community, and were 

given a small payment for the testing session. All participants had English as their first 

language, 20/30 or corrected vision, and no history of substance abuse or presence of a 

psychiatric or neurological disorder. All older adults were screened for abnormal cognitive 

decline using the Mini Mental State Exam test (MMSE; Folstein, Folstein & McHugh, 1975). 

All scored above 26 (range 27-30, M = 28.83, SD = 1.04), which is the suggested cut-off for 

possible dementia in a well-educated sample (Mitchell, 2009).  

As can be seen in Table 3, older adults had fewer years of education compared to 

middle-aged and older; while young adults had lower vocabulary scores than the other two 

groups. There were no differences between the groups with respect to self-rated health. The 

age groups also did not differ in gender, χ2 (2) = 4.52, p = .105 (34.2%, 22.5% and 45.7% 

male, respectively).  

Measures  

Dynamic ToM tasks. As in Study 1, Parts 2 and 3 of the TASIT (Form A; McDonald 

et al., 2011) were used to assess ToM. Because Study 1 established that eye-movements were 

unrelated to ToM performance, and also because the explanatory variables of interest here 

were efficiency of social processing and working memory capacity, eye movements were not 

recorded in this study.  

Efficiency of social attention: Biological motion. The action biological motion task 

reported by Phillips et al. (2011) was used to investigate ability to rapidly attend to social 

cues. Twelve point-light animations were presented to the participants in a random order, at a 

viewing distance of approximately 70cm, on a laptop computer.  The actions were crawling, 

cycling, drinking, driving, jumping, playing pool, a tennis serve, rowing, saluting, sawing, 

sweeping and digging (Vanrie & Verfaillie, 2004). At the end of each animation participants 

said aloud which action they thought was being depicted in the trial.  Because we were 
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concerned about potential ceiling effects, participants were not provided with possible 

response options when making their response.  The responses were coded as correct or 

incorrect and the dependent variable was the percentage of actions correctly reported.  

Working memory measure. The N-back task from Phillips et al. (2011) was used 

investigate ability to update and monitor working memory. This task involved the 

presentation of a sequence of numbers (ranging from 1 to 9) individually in the center of the 

screen. During a 1-back practice block of trials, participants had to monitor stimuli and 

decide whether the presented number was the same as the number that had been presented 

immediately before by pressing one of two keys labelled ‘yes’ and ‘no’ on a response box. 

The 2-back updating condition consisted of 38 trials where participants had to report whether 

the number presented was the same as the number before the last (i.e., presented two trials 

before it) by pressing either the yes or no key. Each stimulus remained on screen until the 

participant had made a response. This was then followed by an inter-stimulus interval of 

800ms. Percentage accuracy on the 2-back condition was used as the dependent measure. 

Note that ten participants did not complete this task leading to an n of 103. 

Procedure 

The study received approval from The University of Aberdeen Psychology Ethics 

Committee. All participants were tested individually across two separate testing sessions, 

with a gap of roughly one month between sessions. At the first session participants were 

given an information sheet, followed by a demographic questionnaire. The MMSE was then 

administered to older adults. Next, all participants completed the Mill Hill, biological motion 

and working memory task as well as some other tasks not considered here. In the second 

session they completed the TASIT tasks as well as questionnaires not further analysed here. 

Participants were then provided with reimbursement and debriefed.   
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Analyses 

Given the continuous nature of age range in this sample, initial correlations were 

calculated between age and assessments of ToM ability, biological motion processing and 

working memory capacity. To investigate the potential mediating role of social attention and 

working memory in age differences in ToM ability, initially correlations between the key 

measures were explored, followed by regression analyses specified by PROCESS (Hayes, 

2013) to test for mediation effects.  

Results and Discussion 

Correlations Between Age, ToM Performance, Social Attention and Working Memory. 

 Table 4 reports correlations between age and the measures of ToM, social attention 

(as assessed by biological motion) and working memory. In addition, the relationships 

between the ToM tasks, biological motion and working memory are reported. Consistent with 

the results from Study 1, age negatively correlated with scores on both TASIT ToM tasks, 

however this correlation was strongest in TASIT 3 (enriched context). A z-test (Lee & 

Preacher, 2013) was used to compare the strength of correlations, showing that age was more 

strongly associated with poorer performance on the enriched context compared to the 

minimal context task, z = -2.24, p < .05.  Age was also negatively correlated with social 

attention and working memory performance. Next, the associations between these potential 

mediator variables and the ToM tasks was explored. ToM performance was reliably related to 

social attention as assessed by biological motion detection, while only performance on the 

TASIT 2 (minimal context) ToM task was related to working memory performance.   

Mediation Analyses          

 To investigate whether age differences in ToM capacity might be mediated by 

measures of social attention (biological motion) or working memory (N-back), mediation 

analyses were carried out. The methods outlined by Hayes (2013) were followed using 
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bootstrap procedures with 5000 resamples to test the significance of any mediation effects.

 The first mediation analysis explored whether social attention mediated age 

differences in ToM capacity as assessed by the TASIT 2 (minimal context) task (see Figure 

4i). Biological motion detection was a significant predictor of ToM performance when 

entered alongside age, and was a significant mediator of the age-ToM relationship (bias 

corrected confidence intervals from -.1388 to -.0207 do not include zero). Here the total R2 

for the regression model was .100, and the mediation effect of biological motion explained 

nearly all of the age differences in ToM capacity. The direct age effect on TASIT 2 

performance is no longer significant once biological motion is included in the model. The 

second mediation analysis looked at predicting TASIT 3 (enriched context) performance (see 

Figure 4ii) from age and biological motion performance. Biological motion was a significant 

predictor of ToM performance when entered alongside age in the regression analysis. It was 

also a significant mediator of age differences in ToM (bias corrected confidence intervals 

from -.1555 to -.0342 do not include zero). The total R2 for the regression model was .230, 

and the mediation effect of biological motion explained nearly all of the age variation. Again, 

the effect of age on TASIT 3 was no longer significant once biological motion was included 

in the model. In summary, age differences in ToM were fully explained in regression models 

by variability in biological motion perception.       

 A further set of regression analyses explored the potential mediating role of working 

memory in age differences in ToM performance. The first looked at whether age differences 

in ToM performance on the TASIT 2 (minimal context) task were mediated by working 

memory capacity (see Figure 5i). Working memory was not a significant predictor of ToM 

performance when entered alongside age, and did not significantly mediate the age-ToM 

relationship (bias corrected confidence intervals from -.0653 to .0033 include zero). Here the 

total R2 for the regression model was .111. A final mediation analysis looked at the same 
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model predicting TASIT 3 (enriched context) performance (see Figure 5ii). Working memory 

did not predict ToM performance when entered alongside age in the regression analysis, and 

did not mediate age differences in ToM (bias corrected confidence intervals from -.0322 to 

.0348 include zero). The total R2 for the regression model was .168. No significant mediation 

effects were found, indicating that age differences in ToM could not even partially be 

explained by common variance with working memory performance indexed by the n-back 

task. 

General Discussion 

The two experiments reported here provide novel insights into ToM processing in 

older age and the potential mechanisms that may explain why older adults show difficulties 

on ToM tasks.  One of the primary aims of both studies was to characterise the pattern and 

magnitude of age differences in ToM understanding in response to more naturalistic social 

scenes that represent everyday social encounters. The results from both studies showed that 

older adults had greater difficulties relative to their younger counterparts decoding mental 

states and intentions with the provision of more naturalistic ToM tasks.  These findings 

suggest that age-related difficulties observed on traditional lab-based tasks may extend to 

more complex and realistic social situations.  These findings are not in line with prior studies 

that have shown that older adults perform better on tasks that are more meaningful and 

relevant (Germain & Hess, 2007; Hess et al., 2001; 2005; 2009).  

Another important question of interest was whether older adults would benefit from 

increased contextual information presented during the social scene stimuli.  Prior studies in 

both the cognitive ageing and emotion perception literatures have shown that older adults 

particularly benefit from additional contextual cues (Lindenberger & Mayr, 2014; Noh & 

Isaacowitz, 2015; Noh & Isaacowitz, 2013; Smith et al., 1998), but this has not previously 

been applied to ToM tasks. In both of our studies, ToM tasks were used that differed in the 
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amount of contextual information available.  Whereas TASIT 2 included minimal contextual 

information, TASIT 3 included more enriched context by providing additional verbal and 

visual cues to help facilitate mental state understanding.  If older adults benefit from context, 

this should result in reduced age differences on the enriched compared to minimal context 

tasks. In fact, the results showed the reverse, with age-related difficulties greater on the 

enriched context task. Importantly, both the Australian (Study 1) and UK (Study 2) samples 

showed similar patterns of age effects on ToM performance, with larger effects observed 

with the provision of increased contextual information.  

The most parsimonious explanation for these findings, robust across two separate 

studies, is that the added complexity of the enriched context condition made it more difficult 

for older adults to effectively use the contextual cues available. Indeed, while Noh and 

Isaacowitz (2013) showed that contextual cues are beneficial for older adults’ emotion 

recognition abilities, they used simple stimuli (static photographs of e.g. an angry facial 

expression), only incorporated one contextual cue (e.g., a fist to indicate anger), and required 

judgments of basic emotions. This contrasts with the demands of TASIT 3, which requires 

participants to track the mental states of two or more protagonists, while also attending to 

visual and verbal contextual cues embedded in dynamic background stimuli that reveal the 

true state of affairs.  Because this latter type of task not only imposes greater demands on 

higher level mental state reasoning processes, but also because it is more perceptually 

complex, older adults may have found it difficult to process the multiple paralinguistic cues 

in the scenes and consequently may have been less able to use the contextual cues available.  

Overall, these findings indicate that there may be a limit to how much context is 

beneficial for older adults.  If the stimuli are simple with basic contextual information, 

context may be helpful, but if the stimuli are complex with multiple contextual and 

paralinguistic cues, context may not provide any added benefit, and may even prove 
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detrimental. Further research is now needed to gain a clearer and more nuanced 

understanding of how stimulus complexity impacts on social cognitive ability, and whether 

the age differences identified in response to the more naturalistic ToM scenarios map on to 

real life social interactions, where contexts and interactions may well be complex.  

Possible factors which might explain older adults’ ToM difficulties 

In addition to providing novel insights into the nature and magnitude of age 

differences in ToM capacity, both Study 1 and Study 2 included additional assessments to 

address potential mechanisms that may explain why older adults experience difficulties on 

ToM tasks.  Study 1 measured participants’ eye-gaze patterns while they completed the ToM 

tasks to assess whether older adults show visual biases when viewing naturalistic social scene 

stimuli.  As noted previously, eye movements were important to assess because prior studies 

have shown that older adults look less at the most emotionally rich areas of a face (i.e., the 

eye region, Circelli et al., 2013; Grainger et al., 2017; Sullivan et al., 2007), but have 

identified these effects using stimuli with limited ecological validity (predominantly static 

images).          

 Adding to these prior studies and consistent with the only other study to measure 

visual biases towards dynamic social interactions (Vicaria et al., 2015), Study 1 revealed that 

older relative to younger adults focused their attention less towards the faces of the 

protagonists.  However, no differences were observed in looking at the bodies of the 

protagonists. Importantly, this age effect did not differ for the minimal and enriched 

contextual conditions. Thus, this finding, taken along with the eye-tracking studies cited 

above, indicates that older adults display a bias in visual processing of social stimuli that is 

not dependent on the ecological validity or complexity of the social cues. It has previously 

been argued that older adults’ reduced attention towards faces may reflect a difficulty 

filtering out non-social background components of the scene and a greater tendency to 
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spontaneously encode irrelevant information (Ngo & Isaacowitz, 2015). By identifying age-

related biases away from the most socially rich components of the stimuli and thus towards 

non-social information in both ToM tasks, the data from this study support this interpretation. 

However, perhaps most critically, no associations were identified between visual 

biases and ToM accuracy scores for either age-group, suggesting that although older adults 

have a tendency to look less at the most socially rich information, these biases are not 

impacting on their ability to engage in mental state understanding. This failure to find a 

relationship between visual biases and ToM ability is not consistent with Vicaria et al., 

(2015) who found that gazing to faces impacted rapport judging ability differently for young 

and older adults. However, these findings are consistent with most previous studies that have 

found no relationship between eye-gaze patterns and emotion recognition ability (e.g., 

Circelli et al., 2013; Grainger et al., 2017; He et al., 2011; Sullivan et al., 2007), and suggests 

that although age differences are evident in both attentional focus and ToM ability, there are 

likely different mechanisms that contribute to these effects.       

Because ToM ability was not associated with visual biases in Study 1, Study 2 

examined whether efficiency of social attention (as indexed by biological motion perception 

ability) might explain age differences in ToM. As noted earlier, this methodological approach 

was used because in order to decode emotions and other mental states, it is essential to detect 

and process basic cues about social agency (Frith & Frith, 2003), such as biological motion.  

Supporting our predictions, the results showed that social attention explained almost all of the 

age-related variance in both ToM tasks (i.e., TASIT 2 & 3), which suggests that the ability to 

detect and rapidly process low level cues to social agency may be important in age 

differences in higher order social cognitive processes, such as ToM. We propose that older 

adults’ less efficient processing of these basic cues providing social information may 

incrementally result in impaired ability to integrate more complex social cues from dynamic 
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multimodal scenes.  These data are also consistent with Phillips et al.’s (2011) findings, in 

which it was shown that social attention (again as indexed by biological motion perception) 

partially mediated the age-related variance in much less contextualized false belief 

understanding tasks. As discussed earlier, the tasks used in Phillips et al. were single 

modality (i.e., reading story passages and watching silent videos) and therefore required less 

rich social processing compared to the TASIT stimuli used in our study.   

It is likely that social attention accounted for more age-related variance in ToM 

processing in our study because the social processing demands of the TASIT tasks were 

greater.  That is, participants had to attend to and integrate a greater number of social cues 

(i.e., voice tone, body language, facial expressions) in order to perform well on the task. 

Together, these findings indicate that the efficiency of social attention plays an important role 

in age differences in higher order social cognitive processes such as ToM capacity, however 

this role appears to be much greater when the task or situation includes more complex stimuli 

that incorporate multiple social cues.  

In sum, the results from Study 2 indicate that older adults have difficulties detecting, 

integrating and processing social cues (low-level perceptual information) about human 

actions, which is potentially interfering with higher-order mental state processing. Thus, 

efficiency in integrating and processing multiple social cues, rather than the locus of visual 

attention, could be a critical skill that may underlie the ability to engage in mental state 

understanding. This likely reflects the situation in everyday social interactions, which require 

the continuous processing of subtle social signals that rapidly appear and disappear.   

In addition to examining whether more basic social attention could explain age 

differences in ToM, Study 2 also assessed working memory capacity to examine whether 

cognitive capacity more generally could explain the age differences in ToM performance. In 

contrast to social attention, working memory did not explain any of the age-related variance 
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in ToM performance. Phillips et al. (2011) found that updating working memory partially 

mediated the age effects in false belief reasoning, however several other prior studies have 

reported that age-related difficulties in other aspects of ToM performance continue to remain 

after controlling for working memory (Bernstein, Thornton, & Sommerville, 2011; Cavallini, 

Lecce, Bottiroli, Palladino, & Pagnin, 2013; German & Hehman, 2006; Phillips et al., 2015).  

It seems likely that the characteristics of the ToM task may be an important determinant of 

which specific cognitive resources are involved.  For instance, the ability to judge and hold 

two or more different mental states simultaneously in one’s mind throughout a series of 

events (as required in false belief reasoning tasks, Phillips et al., 2011) may be more 

dependent on working memory capacity compared to detecting when someone is being 

sincere or sarcastic (as required in the TASIT task used in this study).  Nevertheless, the 

weight of evidence to date suggests that working memory capacity is not a major contributor 

to the age effects in most aspects of ToM, and instead the evidence points to efficiency of 

social attention being an important contributor to age effects in ToM.  

Limitations and directions for future research  

While the two studies reported here have provided novel insights into factors which 

might explain age effects in ToM processing, there are a number of questions that need to be 

explored in future research.  Firstly, although the TASIT was used because it includes 

naturalistic social scene stimuli, these stimuli are limited by the fact that they are not genuine 

social interactions and do not include familiar social targets.  Indeed, it has recently been 

shown that age differences in emotion recognition accuracy are attenuated when viewing 

dynamic facial expressions of a familiar romantic partner versus a same-age stranger (i.e., a 

familiarity manipulation; Stanley & Isaacowitz, 2015). Since the TASIT stimuli are enacted 

by unfamiliar actors, it is possible that the age-related ToM difficulties identified on the 

TASIT may overestimate the difficulties that older adults experience in their everyday lives 
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with family and friends. In addition, the TASIT stimuli primarily include young and middle-

aged actors and therefore the scenarios may potentially be more relevant for younger relative 

to older adults. The age of protagonists has not generally been addressed in ToM stimuli, 

though it is worth noting that there is little evidence of an own-age bias in older adults’ 

performance in other social domains such as emotion perception (Ebner & Johnson, 2009) or 

gaze following (Slessor, Laird, Phillips, Bull, & Filippou, 2010).  Nevertheless, it is still an 

important next step in this literature to develop age-appropriate naturalistic tasks of ToM that 

are suitable for both older and younger adults.  

In regards to the eye-tracking component in Study 1, one key limitation was that we 

did not have pre-defined ROI’s to examine what aspects of the background participants were 

attending to. This is because the background cues were often not consistent in size across the 

trials and because half of the trials in TASIT 3 included verbal contextual information (i.e., in 

the form of an epilogue or prologue), which is difficult to capture visually.  Thus, while we 

know that older adults were looking at the background scene information to a greater extent 

than young in both components of the TASIT, it is unclear what particular aspects of the 

background information they were focusing on.  Future research could more directly 

manipulate the way in which background contextual information was provided in order to 

tease apart age differences in prioritising particular types of contextual cue. Also, the addition 

of contextual information could be titrated to discover whether there are age differences in 

the optimal amount of context. 

Finally, although we did not find a relationship between eye-gaze patterns and ToM 

performance, future research is needed to further understand why older adults consistently 

show visual biases during social cognitive processing. One possibility is that visual biases in 

older age may reflect an adaptive process to compensate for reductions in other sensory 

functions (e.g., hearing). Further studies are now needed to investigate other factors (e.g., 
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task type) that may be contributing to visual biases in older age.  Moreover, it will also be 

important in future studies to clarify whether these age-related visual biases have any direct 

or indirect consequences on social cognitive abilities.   

Conclusion 

These data provide an important step in understanding the extent to which older adults 

experience difficulties in ToM capacity. Across two separate studies with independent 

samples, age-related difficulties were observed on more naturalistic ToM measures, 

indicating that previously reported age-related difficulties in ToM tasks with limited 

ecological validity also extend to tasks that are more closely representative of everyday social 

interactions. In addition, in both studies, older adults performed more poorly on the ToM task 

that included more enriched context, supporting the hypothesis that too much information 

may overload the processing capacity of older people when decoding mental states.  

The current work also provides novel insights into the potential mechanisms that may 

explain age-related difficulties in ToM capacity. Although older adults looked less than 

young at socially rich areas of the scenes (i.e., faces), these biases were not related to their 

overall ToM accuracy.  This indicates that age-related biases in the allocation of attention 

seem unlikely to explain age differences in decoding intentions.  In contrast, the ability to 

integrate and decode basic biological motions cues did explain the age variance in ToM 

performance, which suggests that it may not be the locus of visual attention that is critical to 

ToM ability, but instead the efficiency of processing social cues. Interestingly, working 

memory capacity did not explain any age-related variance in ToM performance, suggesting 

age differences in social cognition are likely to be somewhat independent of more general 

age-related declines in cognition.   
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Table 1  
Participant Characteristics 

Measure  Younger  Older      Inferential Statistics 

  M SD 
 

M SD 
 

t df     p             d 

Education   13.72 1.77  13.42 3.27  0.57 93 .570        .11 

Self-rated health  4.10 0.70    4.30 0.76  1.17 95 .244        .27 

NART  110.31 3.88  116.27 5.21  6.23 91 <.001      1.30 

HADS total  2.08 .40  2.44 0.29  5.00 92 <.001      1.03 

Note. Self-rated health was indexed by responses on a 5-point scale, with 1 indicating very 
poor and 5 indicating very good. NART refers to the National Adult Reading Test. HADS 
refers to the Hospital Anxiety and Depression Scale, and HADS total provides an overall 
index of negative affect. Note that a higher score for HADS total reflects greater positive 
affect. Effect sizes of group differences are expressed as Cohen’s d.  
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Figure 1. Accuracy scores (%) for younger and older adults on TASIT 2 (minimal context) 
and TASIT 3 (enriched context).  Error bars represent standard error of the mean.  
* = p < .05, *** = p < .001 
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Figure 2. Mean fixation time (%) for older and younger adults towards each ROI, collapsed 
across task-type (TASIT 2, TASIT 3) **p < .01 
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Figure 3. Mean fixation time (%) towards each ROI in the minimal and enriched ToM tasks, 
collapsed across age-group ***p < .001 
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Table 2. 

Within-task Pearson correlations between fixation time to the ROI’s (faces, bodies) and 

TASIT 2 & 3 accuracy separately for younger and older adults. 

 
 ROI: Faces 

 
 

ROI: Bodies 
 

n r p n 
 

r p 

Younger       
Correlation with 
accuracy: TASIT 2 

47 .043 .775 47 .196 .186 

Correlation with 
accuracy: TASIT 3 

46 -.031 .838 46 .104 .490 

Older       
Correlation with 
accuracy: TASIT 2 

38 .150 .368 38 .013 .938 

Correlation with 
accuracy: TASIT 3 

39 .258 .113 39 -.044 .789 
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Table 3. 

Participant Characteristics 

Measure  Younger  Middle-aged  Older  Inferential Statistics 

  M SD 
 

M SD  M SD 
 

F(112)   p f 

Education 
(years) 

 16.3 2.34  16.8 4.40  13.3 4.22  8.84 <.001 0.76 

Self-rated 
health 

 7.47 1.08  7.20 1.18  7.09 1.22  1.09 .340 0.14 

Mill Hill  18.29 4.39  23.40 4.05  22.86 4.43  16.37 <.001 1.11 

 
Note. Self-rated health was indexed by responses on a 9-point Likert scale, with 1 indicating 
very poor and 9 indicating very good. Mill Hill is the Mill Hill Vocabulary Test. Effect sizes 
of group differences are expressed as Cohen’s f.   
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Table 4.  

Pearson correlations between age, ToM performance, social attention and working memory, 

and descriptive statistics for the tasks. Note that all descriptive statistics are reported as 

percentage accuracy. 

 TASIT 2  
ToM-
minimal 

TASIT 3  
ToM-
enriched 

Biological 
motion 
accuracy 

Working 
memory n-
back 
accuracy 

Age -.211 * -.380 *** -.569 *** -.306 ** 

Biological motion accuracy .314 ** .456 *** - .180  

Working memory n-back accuracy .223 * .125  .180 - 

M 85.4 79.9 62.6 92.9 

SD 10.28 9.31 18.97 8.04 

* p < .05, ** p < .01, *** p < .001. 
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i)                                                                       ii) 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 4. Path diagrams of mediation analyses examining biological motion detection (BM) 
as a possible mediator of age differences in ToM as assessed by the (i) TASIT 2 and (ii) 
TASIT 3. The numbers are uncorrected path coefficients as recommended in Preacher and 
Hayes (2008). The coefficients above the pathway between age and the social cognition 
measures are the total effects, and the bold figure in each case below the pathway is the direct 
age effect on social cognition once biological motion is included in the model. The 
significance of the mediation effect is determined by a bootstrapping procedure, see text for 
results. Note n = 113. BM = biological motion task. * p < .05, ** p < .01, *** p < .001. 

 
  

Age 
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-.063 *** 1.294 * 

-.105 * 

-.024 (ns) 
Age 

BM 
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-.063 *** 1.452 *** 

-.171*** 
 *** 
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i)                                                                       ii) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Path diagrams of mediation analyses examining working memory capacity (WM) 
as a possible mediator of age differences in ToM as assessed by the (i) TASIT 2 and (ii) 
TASIT 3. The numbers are uncorrected path coefficients as recommended in Preacher and 
Hayes (2008). The coefficients above the pathway between age and the social cognition 
measures are the total effects, and the bold figure in each case below the pathway is the direct 
age effect on social cognition once biological motion is included in the model. The 
significance of the mediation effect is determined by a bootstrapping procedure, see text for 
results. Note n = 103. WM = working memory capacity. * p < .05, ** p < .01, *** p < .001. 
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Age 
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